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鲜见报道。本研究以皱纹盘鲍（Haliotis discus hannai）、西氏鲍（H. gigantea）
和绿鲍（H. fulgens）以及它们杂交子代为材料，开展鲍类种间杂交的细胞遗传
学基础研究，采用核型分析、银染带型分析、荧光原位杂交（fluorescence in situ 
hybridization，FISH）、基因组原位杂交（Genome in situ hybridization，GISH）等
技术对三种鲍类及其杂交子代进行研究，从而丰富了鲍类的染色体基础信息，同
时对杂交鲍的染色体的组成及遗传规律有了初步的认识，并确认了核仁在皱纹盘
鲍和西氏鲍及其杂交 F1、回交 BC1、BC2 代中的分布规律。主要研究结果如下： 
1.  皱纹盘鲍与西氏鲍的受精过程及杂交子代染色体核型组成 
（1）西氏鲍的精子可正常激活皱纹盘鲍的卵子，精子进入卵子之后受精卵开始




2n=20m+16sm，NOR 定位于皱纹盘鲍的第 14、17 对染色体的长臂端部，西氏鲍
的第 3、9、14 对染色体的长臂端部。NOR 位点在杂交子代中以亲本的 NOR 类




2.  18S 基因和端粒序列在皱纹盘鲍和西氏鲍中 FISH 结果 
（1）18S 基因定位于皱纹盘鲍第 13 和第 17 对染色体的长臂端部，西氏鲍的 18S





















2n=36=20m+16sm（82%）、2n=36=22m +14sm （14%） 和 2n=36=20m+14sm+2st 
（4%），并且在长期的养殖过程中染色体可能存在断裂再融合的现象。 











4.  杂交鲍及其子代中的核仁形态学参数的统计 
（1）银染的方法观察到皱纹盘鲍分裂间期的细胞核，存在着类似于核仁前体的
特殊结构，推测皱纹盘鲍的核仁形成是由主要的 rDNA 簇独自或者一些相邻染色

























The main function of cytogenetics is to research the structure and behavior of 
chromosomes, inheritance and genetic mechanism. In addition, it also includes 
research genetic effect of organelles and cytoplasm. There was less cytogenetics study 
on shellfish, the overall research level is laggardly. Only few research has been 
reaorted in haliotis. Present study is using cytogenetics method with Haliotis discus 
hannai, H. gigantea, H. fulgens and their hybrids. Karyotype analysis, silver staine, 
fluorescence in situ hybridization (FISH), genomic in situ hybridization (GISH) will 
apply on three abalone species and their F1 hybrid, to enrich basic information of 
chromosomes about those abalone. In addition, chromosomes composition and 
genetic development of hybridized abalone has preliminary understanding. And also 
we confirm the nucleolus distribution in H. discus hannai, H. gigantea, F1, BC1 and 
BC2.The major results and conclusions were as follows: 
1. The fertilization process between H. discus hannai and H. gigantea, the 
chromosome composition of hybrid offspring. 
1) H. gigantea sperm could penetrate H. discus hannai eggs, then the egg began 
to twice meiosis, released the first polar body and the second polar body. The immune 
fluorescent observation through the FITC labeled anti-α-tublin probe, we found that a 
pore structure similar to micropylar on the surface of egg membrane. 
2) We observed the karyotype of twin offspring from an interspecies cross between 
H. gigantea and H. discus hannai in this study. It showed that there was no difference 
in karyotype between two species (2n=36=20m+16sm), the hybridization offspring 
had the same karyotype as their parents. The NORs were located terminally on the 
long arms of 14 and 17 chromosome pairs in H. discus hannai and NOR-bearing 
chromosome pairs in H. gigantea were identified as Nos. 3, 9 and 14. It showed that 
NOR loci in the hybrids was combined with the parents patterns randomly, whether 
the parents or offspring NOR had high polymorphism. 
3) Karyotype of H. discus hannai was 2n=36=20m+16sm, H. fulgens was 
2n=16m+16m +4st and their hybrids was 2n=18m+16sm+2st. 
2. The results of FISH with 18S-rDNA and telomeric sequences probe in H. 
















1) The 18S-rDNA probe produced strong signals on the telomere of the long arms 
of submetacentric chromosome pairs 13 and 17 of H. discus hannai, and located at 
telomere of the long arms chromosome pairs 9, 12 and 13 of H. gigantea. The 18S 
rDNA locations were hghly polymorphic in H. discus hannai.   
2) FISH with probe for vertebrate-like telomeric sequences (TTAGGG)3 displayed 
positive green FITC signals at telomere regions of all analyzed chromosome types 
both H. gigantea and H. discus hannai. 
3) We had a research on novel chromosomal characteristics of H. discus hannai 
from a breeding population at Fujian. The karyotypes of H. discus hannai we obtained 
from an abalone farm included a common type 2n = 36 = 10M + 8SM (82%) and two 
rare types 2n = 36 = 11M + 7SM (14%) and 2n = 36 = 10M + 7SM + 1ST (4%). 
3. The chromosome constitution of H. gigantea and H. discus hannai and their 
offspring. 
1) The result of chromosome painting indicated that H. discus hannai and H. 
gigantea had a close genetic relationship. H. discus hannai had about 16.9 ± 1.1% of 
the genome consistent with H. gigantea, and the H. gigantea was 12.1 ± 1.9%. 
2) The GISH technique effectively distinguished all of the chromosomes inherited 
from H. discus hannai and H. gigantea in the hybrid genomes. The majority of the 
hybrids in both crosses contained 36 chromosomes, the sum of the chromosome 
number of the haploid genomes of H. discus hannai (n= 18) and H. gigantea (n= 18). 
The GISH result showed that the hybrids chromosomes of H. discus hannai and H. 
fulgens composed with two haploid chromosome complement inherited from parental 
respective. 
3) We used GISH on fertilized eggs of H. discus hannai♀×H. gigantea ♂ 
approaches to demonstrate topological separation of parental genomes in hybrid early 
embryogenesis, and we observed the chromatin spatial separated according to parental 
origin. 
4) With the backcross generation increased, the chromosome number of 
nonrecurrent parent decreases gradually, and some homologous chromosomes 
exchanged during the process of backcross. 
4. The significance of nucleolus statistical in hybridized abalone and their 
progeny. 
















bodies (PNBs) by silver staining, w e hypothesized that nucleolar assembly in H. 
discus hannai depended not only on the major rDNA cluster but also on minor rDNA 
clusters from different chromosomes. 
2) The nucleoli number in hybirds was significantly higher than their parents, and 
the total area of nucleolus was significantly greater than the parent, suggested that the 
protein synthesis in hybrids was more vigorously. 
3) With the backcross generation increased the nucleoli number gradually restored 
to the recurrent parent level, no matter how much the number of nucleoli of each 
combination, the total nucleolar area tended to be consistent. 
4) In the sinkin larva nucleoli number was significantly lower than normal larva, 
the total nucleolar area was significantly smaller than normal larva, that due to 
individual differences of parents and parental cytoplasmic incompatibility caused the 
larva developmental disorder, protein synthesis level was not up to require of normal 
growth level. 
Keywords: Haliotis discus hannai; Haliotis gigantea; Haliotis fulgens; interspecies 







































（H. diversicolor diversicolor）；南非的中间鲍（H. midae）；大洋洲国家的黑唇鲍




















Coleman 等（2002）采用 rDNA 的转录间隔区（ITS）序列对 19 种鲍重建了
系统发育树，将它们分为三个主要的进化枝：北太平洋种类、欧洲种类和澳大利
亚种类。其中加勒比海地区的一个种类没有与欧洲地区的种类聚类在一起而是与
北太平洋的种类聚类在一起；发现于新西兰的种类 H. iris 具有一个特殊的分类地
位，与其他种类都不能聚类在一起[3]。An 等（2005）通过 16S 和 COI 序列对韩
国沿海附近的六种鲍的进化分析表明，六个种类被分为两个群，其中皱纹盘鲍、
盘鲍（H. discus discus）、真高鲍（H. madaka）、和 西氏鲍聚为一类，另一类群则
包括九孔鲍（H. diversicolor supertexta） 和杂色鲍 [4]。 Metz 等（1998）采用线
粒体 DNA 和精子 lysin 基因对 12 种鲍的分析发现，北美地区的五个种类聚集在
一起，粉红鲍和绿鲍却与亚洲的皱纹盘鲍聚类在一起[5]。采用精子 lysin 基因对




况也发现在黑唇鲍和 H. conicopora、九孔鲍 和 H. diversicolor aquatilis、H. 
tuberculata lamellosa 和 H. tuberculata tuberculata 之间。进化分析显示 27 种鲍类
聚为三个类群：所有的加利福尼亚地区种类和三个日本种类（皱纹盘鲍、西氏鲍
和真高鲍）为第一类群；日本的 H. diversicolor aquatilis、印度-西太平洋地区和




[6]。Streit 等（2005）对鲍科 12 个种类的血蓝蛋白部分基因序列进行聚类分析发
现疣鲍血蓝蛋白具有两个亚型（HtH1、HtH2），其中 HtH2 与一种帽贝 Megathura 
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